Over 700 specimens of Corynosoma strumosum (Rudolphi, 1802) Lühe, 1904 were collected from one young male Caspian seal, Pusa caspica (Gmelin) in the southern land-locked Caspian Sea in April, 2009. Collected worms showed consistent variations from those reported by other observers using light microscopy especially in proboscis hook and trunk spine patterns. SEM images revealed many features that have not been previously reported including the shape and distribution of trunk spines, dorsoventral differences in proboscis hooks and their organization, the baldness of anterior proboscis, the rough egg topography, epidermal micropores, and variations in the female gonopore. This isolated population of C. strumosum from the land-locked Caspian Sea is distinguished from others reported from open waters elsewhere by the distribution of trunk spines, consistently smaller size of trunk and testes, larger eggs, and fewer proboscis hooks. Histopathological sections reveal the invasive path of worms in host tissue with damage to intestinal villi and worm encapsulation. Information obtained from SEM studies and histopathological sections is reported for the first time.
Introduction
Corynosoma strumosum (Rudolphi, 1802) Lühe, 1904 is known to mature in seals and other marine mammals in the Holarctic Region. Larvae develop in amphipods (Van Cleave 1953 and Hoklova 1986 ) and many species of fish serve as paratenic hosts. Juveniles are commonly found in accidental hosts such as mammals (including man), birds, and other fish eating animals (Schmidt 1971) . Worms can even develop to fully mature adults with eggs and sperm in warm blooded animals, e.g., rats (Valtonen and Helle 1982) . Partial lists of paratenic, accidental, and definitive host species and worldwide geographical distribution can be found in Meyer (1932) , Van Cleave (1953) , Petrochenko (1958) , Yamaguti (1963) , Margolis and Dailey (1972) , Valtonen and Niinimaa (1983) , Schmidt (1985) , Hoklova (1986) , and Valtonen and Helle (1982) .
The first detailed information on Caspian seal parasites was reported by Shchupakov (1936) who listed 6 species of nematodes, trematodes and acanthocephalans prompting Dogiel (1947 Dogiel ( , 1962 to declare the Caspian seal a relic species for having lost cestode and arthropod parasites. Kurochkin (1975) included C. strumosum in 1 of 3 groups of Caspian seal parasites that is widely distributed, infecting Caspian seals, as well as other species of seals and terrestrial mammals and birds elsewhere. The other 2 groups of parasites included a *Corresponding author: omaramin@aol.com Morphology of Corynosoma strumosum from the Caspian seal with histopathological examination 439 relic group that evolved and remained exclusively in the Caspian Sea, and a second group of seal parasites derived from local terrestrial mammals and birds Kurochkin (1975) .
In the Caspian Sea, many species of paratenic fish hosts have been reported. These included, but not limited to, sturgeons (Sattari and Mokhayer 2005) , sticklebacks (Niksirat et al. 2006) , clupeids (Varshoie et al. 2010) , and neogobiids (Pazooki et al. 2011) . How the Caspian seals originally became infected with C. strumosum in the land-locked Caspian Sea remains unknown. However, Palo (2003) proposed that the Caspian seal (and its parasites) have descended from the ringed seal Pusa hispida (Schreber) and reached the Caspian during the Quaternary period from the north when continental ice sheets melted.
In the present investigation, over 700 specimens of C. strumosum were collected from 1 seal. Representative samples were subjected to light microscopical studies, SEM, and histopathological examination. New information has been obtained, compared with existing literature, and reported. SEM and histopathological findings are reported for the first time.
Materials and methods
Worms were collected from the intestine of 1 young male Caspian seal (Fig. 21) For the histological sections, infected host tissue was fixed in 10% buffered formalin and after dehydration and blocking, the specimens were processed using standard methods (Bancroft and Gamble 2001, Kienan 2002) . The paraffin blocked tissue was sectioned at 4-6 microns, placed on glass slides and stained with hematoxylin and eosin (HE). Additional sections were stained with Mallory's trichrome to emphasize pathological responses to the parasite (Galigher and Kozloff 1971) . The prepared glass slides were viewed with an LSM laser (Carl Zeiss, Thornwood, New York) equipped compound light microscope with representative pictures taken at varying magnifications with a digital camera. HE is a standard stain for tissue, whereas Mallory's trichrome helps differentiate granular tissue typical of parasite invasion.
For SEM studies, 30 specimens previously fixed in 70% ethanol were placed in critical-point drying baskets and dehydrated using ethanol series of 95% and 3 N 100% for at least 10 min per soak followed by critical point drying (Lee 1992) . Samples were mounted on SEM sample mounts, gold coated and observed with a scanning electron microscope (XL30 ES-EMFEG; FEI, Hillsboro, Oregon). Digital images of the structures were obtained using digital imaging software attached to a computer.
For transmission electron microscopy, specimens were post fixed in 1% osmium tetroxide (OsO 4 ) dehydrated and embedded in Spurr resin. Ultrathin sections (80 nm) were stained with lead citrate and uranyl acetate, and examined using FEI TECHNAI G2 (High Resolution) electron microscope at an accelerated voltage of 120 KV and photographed by digital imaging software attached to a computer.
Results and discussion

Description of the Caspian seal specimens from the Caspian Sea
General: Polymorphidae. With characters of the genus Corynosoma. Trunk small, less than 5.00 mm long, bulboid anteriorly and cylindrical with parallel sides posteriorly ( Fig. 1) . Sexual dimorphism slight in trunk size but marked in size of proboscis and proboscis hooks. Anterior trunk sharply tapers into a conical neck. Integument with many micropores (Fig. 18 ) continuing into the inner layers of the integument (Figs 19 and 20) . Trunk with posteriorly pointed ovate spines ( Fig. 9 ) larger in anterior bulboid trunk than at posterior end in both sexes. Anterior spines confined to bulboid swelling and dispersed in longitudinal as well as in circular rows (Fig. 3) . Posterior spines in up to 7 circular rings incomplete anteriorly (Fig. 4) . Proboscis bent ventrally, with 16-18 (usually 16) longitudinal rows of 9-10 (rarely 11) hooks each. Hard thin outer layer of hooks porous enveloping inner medullary core (Figs 16 and 17) . Dorsal hooks relatively smaller than ventral hooks (Fig. 2) . Apical end of proboscis bare (Fig. 5) . Anterior hooks small slender, only slightly longer but more robust posteriorly up to hook no. 5 (Fig. 6) . Hook no. 6 invariably longest and most robust (Fig. 7) . Posterior 4 hooks smallest becoming progressively and relatively smaller and more slender more posteriorly (Fig. 8) . Hooks 5-7 more widely spaced (Fig. 2) . Roots of anterior 6 hooks simple, slightly longer than blades. Roots of posterior hooks short, small, stubby. Lemnisci equal, slightly shorter than double walled proboscis receptacle; receptacle longer than proboscis. Gonopore terminal in both sexes (Figs 10, 11, 13 and 15) .
Males (based on 10 adult specimens with sperm): Trunk 2.87-4.02 (3.65) mm long by 0.80-1.12 (1.00) mm and 0.37-0.57 (0.49) mm wide at anterior inflation and posteriorly, re- (Fig. 12) , large 92-122 (108) long by 24-33 (28) wide, with polar prolongation of fertilization membrane. Terminal gonopore with prominent lips (Fig. 10 ) that can be retracted (Fig. 11) . Copulation plug may retain open channel with gonopore ( Fig. 13) and may indicate multiple copulations (Fig. 14) . Male acanthocephalans are known to be indiscriminate and repeat copulators even to other males and to body parts other than reproductive orifices including the proboscis. This observation was recently noted in Heterosentis holospinus Amin, Heckmann et Ha, 2011 (Arhythmacanthidae) , as well as in other species especially of the genera Acanthocephalus Koelreuther, 1771 and Neoechinorhynchus Hamann, 1892 in Stiles and Hassal 1905 .
Remarks
The original description and illustrations of C. strumosum Rudolphi (1802) as reported by Lühe (1911) featured a 5-7 mm (reaching 9 mm) long trunk, a proboscis enlarged posteriorly with 18 longitudinal rows of 10-12 hooks each, a greatly enlarged anterior trunk, many trunk spines on the anterior trunk and at the posterior end, and 79-101 × 19 eggs with polar prolongation of fertilization membrane. These features were repeated verbatim by subsequent observers, i.e., Meyer (1932) , Van Cleave (1953) , Petrochenko (1958) , Yamaguti (1963) , Hoklova (1986) , and Nickol et al. (2002) , in some cases with some additions. For example, in the original description and in our specimens, anterior trunk spines appear to be restricted to the enlarged anterior trunk. This appeared to be the case in descriptions using the original illustrations like Meyer (1932) , Petrochenko (1958) , Yamaguti (1963) and Hoklova (1986) . Van Cleave (1953) and Nickol et al. (2002) , however, reported specimens with anterior trunk spines extending ventrally a short distance into the posterior trunk. Van Cleave's (1953) material represented a diverse assortment of specimens from a heterogeneous collection of host species. Nickol et al. (2002) described C. strumosum from mixed infections with Corynosoma magdaleni Montreuil, 1958 in the grey seal Halichoerus grypus (Fabricius) that has anterior trunk spines normally extending to about half the length of the posterior trunk ventrally.
The distribution of trunk spines is but 1 feature distinguishing our population of C. strumosum from the isolated land-locked Caspian Sea, from others reported elsewhere. Other marked distinguishing features include the consistently smaller size of trunk and testes, larger eggs, and fewer proboscis hooks. Palo's (2003) proposal that the Caspian seal descent from the ringed seal and its subsequent isolation (along with its parasites) in the Caspian Sea during the Quaternary period from the north when continental ice sheets melted suggest that the uniqueness of our Caspian Sea population may be related to its geographical isolation since glacial times. We do not regard the differences between our Caspian Sea population of C. strumosum and those reported elsewhere to be of sufficient magnitude that warrants its designation as a new species. The effect of glacial distribution on the diversification of new populations and species has previously been reported in other acanthocephalans elsewhere, e.g. species and populations of Acanthocephalus Koelreuter, 1771 in North America (Amin 1985) .
Histopathology
A series of figures (Figs 21 to 28) represent the results of the histological study of the seal host tissue infected with C. strumosum. The invading worms are either attached to the gut wall (Fig. 21, arrows) or free in the lumen. Those not attached were probably in the process of attaching or reattaching. There is prominent damage to the intestine where the worms attach to the mucosa and submucosa linings (Fig. 22) . There is the potential for lumen blockage of the seal host if those not attached are present in excessive in numbers. Invading worms (Fig. 22) to remain firmly attached to the gut wall with the proboscis extending beyond the host mucosa to the submucosa and muscle layers (Figs 22 and 23) . Proboscis hooks are visible in these histological sections (Figs 22 and 23) as worms display the route (**) followed by the worm as it migrates through the layers of the host intestine. The invaded host tissue is replaced with connective tissue (Fig. 28) . Hemorrhaging of the blood vessels causes free blood cells and granulocytes to appear in interstitial spaces and in the lumen. Host response to the parasite includes the formation of a capsule around the worm (Figs 27 and 28) . The encapsulation is primarily made of collagenous fibers (scar tissue) replacing the normal epithelial cells that have been damaged. Figure 28 , which was stained with a differential trichrome tissue stain, emphasizes the collagenous fibers and the parasite encapsulation. This encapsulation is displayed beginning with Figure 27 with the removal of the host villi through necrosis and subsequent connective tissue (C) replacement due to the invasive action of the parasite. The lesions, encapsulation and worm (C. strumosum) number with potential lumen blockage will impact the feeding activity of the seal host. This is an isolated seal population thus all the animals in the area are probably infected with C. strumosum.
